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The UK has an ageing population; between 1992 and 2010 the percentage of the population aged over 65 years rose from 15.8 to 17.2% (an addition of about 870 000 people) and by 2034 it is estimated that it will increase to 23%. The most substantial rise has been in people over the age of 85, increasing from 660 000 in 1984 to 1.5 million in 2010 (Office for National Statistics 2012). Dementia is one of the most common conditions in the elderly and it is estimated that approximately 750 000 people in the UK are affected. This number is expected to double over the next 30 years, which will increase financial pressures on clinical budgets, so there is a significant emphasis on early assessment, diagnosis and prompt initiation of treatment.
Computed tomography (CT) and magnetic resonance imaging (MRI) are widely used in the assessment of patients presenting with cognitive impairment. The National Institute for Health and Clinical Excellence (NICE) guidelines (2006: p. 10) recommend:
'Structural imaging should be used in the assessment of people with suspected dementia to exclude other cerebral pathologies and to help establish the subtype diagnosis. Magnetic resonance imaging (MRI) is the preferred modality to assist with early diagnosis and detect subcortical vascular changes, although computed tomography (CT) scanning could be used. ' However, NICE provides no clear guidance as to when neuroimaging is indicated, which means that there is wide variation in clinical practice in different areas of the country. The NICE guidelines recommend imaging in cases of earlyonset memory impairment, in patients with a short symptom onset and in those with neurological symptoms. This is to identify potentially reversible causes such as normal pressure hydrocephalus, subdural haemorrhage and brain tumour. Table 1 outlines the basic details of CT, MRI, single-photon emission computed tomography (SPECT) and positron emission tomography (PET) in terms of indications, benefits, risks, adverse effects, costs and tolerability in the elderly.
There has been a greater clinical emphasis on functional neuroimaging, such as technetium99m hexamethyl propylene amine oxime (Tc-99m HMPAO) SPECT and DaTSCANs. Single-photon emission computed tomography uses radio-labelled tracers such as Tc-99m HMPAO to measure cerebral perfusion to show areas where blood flow is reduced. This procedure takes about 30 min to perform and can help in the differential diagnosis of dementia. DaTSCANs use a tracer that binds to the presynaptic dopamine transporter and is useful in the investigation of dementia with Lewy bodies and Parkinson's disease, in which there is decreased uptake in the transporters of the tracer 123 I ioflupane.
alzheimer's disease
In clinical diagnosis of Alzheimer's disease, NICE recommends that clinicians use the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) diagnostic criteria (McKhann 1984) (Box 1). These criteria have a sensitivity of 0.93 (i.e. will correctly detect patients who have Alzheimer's disease), however, they only have a specificity of 0.23, as patients with other forms of dementia often fulfil the criteria (Varma 1999) .
To scan or not to scan: neuroimaging in mild cognitive impairment and dementia
SuMMary
There is currently a huge variation in clinical practice as to whether patients being assessed for dementia undergo neuroimaging investigations.
With an ageing population it is likely that there will be greater pressures on psychogeriatric services, so accurate assessment, diagnosis and prompt treatment will be required. This article will examine the evidence for the use of different neuroimaging techniques in the diagnosis of mild cognitive impairment and dementia.
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Computed tomography
Computed tomography is a well-established, widely available, quick and relatively inexpensive tool. However, it is associated with radiation exposure, which can limit the use of serial scanning. It is most commonly used to exclude potentially reversible causes of cognitive impairment, but it can have some diagnostic value in Alzheimer's disease. Normal ageing (without cognitive impairment) is associated with general brain atrophy. Therefore, neuroimaging studies of brain volume show very little discrimination between normal ageing, cognitive impairment and dementia (Petrella 2003) . However, there are several studies that show atrophy of specific brain regions on CT and MRI: notably, the hippocampus and entorhinal cortices in the medial temporal lobes are associated with cognitive impairment in Alzheimer's disease (O'Brien 2000) . The sensitivity and specificity of using CT alone in detecting medial temporal lobe atrophy is 94% and 93% respectively (O'Brien 2007).
Magnetic resonance imaging
Magnetic resonance imaging is becoming more widely used as a diagnostic tool in the investigation of dementia. Studies have shown that patients with Alzheimer's disease have a greater reduction in the volume of entorhinal cortices (37%) and hippo campus (27%) compared with normal elderly adults and patients with mild cognitive impairment (combined data: entorhinal cortices 11%, hippocampus 13%), and that these findings correlate well with neuropsychological testing (Davatzikos 2010) . Although these changes are seen in up to two-thirds of cases of Alzheimer's disease, they are often absent on CT scans of patients with clinical diagnoses of the disease and are seen in about 5-10% of normal elderly individuals (O'Brien 2007) . In patients over 80 years old, these changes are much less specific, and it may be more difficult to differentiate between normal ageing and Alzheimer's disease (O'Brien 2007 Neuroimaging in mild cognitive impairment and dementia Serial MRI has been used to assess the progression of changes in MRI findings; however, this has tended to be in clinical trial settings, with very little diagnostic applicability. In Alzheimer's disease, brain atrophy progresses at a rate of about 2% per year, in contrast to 0.1-0.5% per year in controls who are cognitively intact (O'Brien 2007), but it remains to be seen whether this could be used diagnostically. Some studies suggest that serial MRI, in combination with other markers such as cerebral spinal fluid biomarkers and pattern classification, may be useful in differentiating patients with mild cognitive impairment from patients with Alzheimer's disease by assessing the rate of neurodegeneration (Davatzikos 2011) .
Functional neuroimaging
Functional neuroimaging -SPECT, PET, proton magnetic resonance spectroscopy (1H-MRS) and magnetic resonance volumetry (MRV) -can be as effective as post-mortem pathological examination in differentiating elderly patients with normal cognition from patients with Alzheimer's disease (Kantarci 2003) .
Single-photon emission computed tomography
Single-photon emission computed tomography findings in Alzheimer's disease centre on the detection of hypoperfusion of the temporal and parietal brain regions (Kantarci 2003) (Fig. 1) . Jagust et al (2001) compared clinical diagnosis, SPECT findings and post-mortem examination and found that SPECT increased the diagnostic certainty in patients who were clinically diagnosed with Alzheimer's disease from 84 to 92%. This study found that a negative SPECT in these patients reduced the diagnostic certainty to 70%.
Positron emission tomography
Positron emission tomography imaging uses Pittsburgh Compound-B (PiB) to detect amyloid deposition in Alzheimer's disease, which can be seen early in the disease process. As the disease progresses, amyloid deposits are less of a burden than neurodegeneration (Quigley 2010) , so PET imaging may be more useful in detecting cases of Alzheimer's disease in the early stages. Pittsburgh Compound-B PET imaging is sensitive in detecting deposition of amyloid in Alzheimer's disease, but it is less specific, as 10-30% of cognitively intact elderly people have PiB-PET-detected amyloid deposition (Quigley 2010) .
(18) F-fluorodeoxyglucose ( (18) FDG) PET detects glucose metabolism, and studies suggest that bilateral hypometabolism of the corpus callosum, temporoparietal and frontal association areas may be associated with Alzheimer's disease (Herholz 2007) . Investigations using FDG PET can detect hypometabolism up to 1 year before subjective complaints of memory impairment in patients who later develop Alzheimer's disease (Herholz 2007) .
Future imaging techniques
Future imaging techniques may centre on the use of more detailed MRI such as functional MRI (fMRI), spin-labelled MRI, magnetic resonance microscopy and magnetisation transfer MRI. Functional MRI measures cerebral blood flow in relation to functional activity in the brain and early studies show that inferior prefrontal and left temporal activation is associated with better scoring on cognitive testing (O'Brien 2007) . However, fMRI is still in the early stages of trial for this use and is not a routine investigation. Advances in radioligands and tracers used in SPECT and PET scanning, such as monoclonal antibodies to beta-amyloid and flumazenil, may allow for fur ther development in diagnostic validity.
Vascular dementia
To some extent vascular dementia may be preventable, as early detection of potentially modifiable vascular risk factors can allow for intervention to minimise subsequent cardiac and cerebrovascular disease. For the clinical diagnosis of vascular dementia, NICE (2006) recommends the National Institute of Neurological Disorders and Stroke and Association Internationale pour le Recherché et l'Enseignement en Neurosciences (NINDS-AIREN) criteria (Box 2), which are widely used across the globe (Roman 1993) . However, although the criteria have a high specificity at 0.80, they have a relatively low sensitivity at 0.58 in diagnosing vascular dementia (Gold 1997) . Therefore, the absence of these vascular lesions on CT or MRI excludes the diagnosis. Importantly, O'Brien (2007) demonstrated that it was not possible to differentiate those with and without dementia using the diagnostic criteria and imaging results alone in older patients who had had a stroke. Therefore structural neuroimaging can only be used to support a clinical diagnosis.
Periventricular white matter lesions
Periventricular white matter lesions are an important component of the diagnostic criteria for vascular dementia (Box 2). However, these lesions are present in other forms of dementia, depression and even in normal ageing. It is felt that bilateral or left-sided white matter lesions may be important predictors of dementia and cognitive impairment (O'Brien 2000) . Structural neuroimaging (CT/MRI) provides information about the volume, location and severity of vascular lesions and is an important tool for excluding other causes of cognitive impairment. Magnetic resonance imaging is more sensitive than CT in detecting ischaemic lesions (O'Brien 2007) . It has been suggested that the presence of periventricular white matter changes can help differentiate vascular dementia from Alzheimer's disease, as both conditions are associated with cortical atrophy and ventricular enlargement on imaging (O'Brien 2000).
Functional neuroimaging
Technetium-99m HMPAO SPECT findings in vascular dementia reveal considerably reduced cerebral blood flow to certain brain areas compared with Alzheimer's dementia; a typical SPECT scan is shown in Fig. 2 . These brain regions include frontal lobes and the basal ganglia. Other studies have demonstrated reduced cerebral blood flow in bilateral thalami, anterior cingulate gyri, superior temporal gyri, caudate and left parahippocampal gyrus in patients with vascular dementia compared with controls (Shim 2006) . However, SPECT is not routinely recommended in the investigation of dementia owing to a lower diagnostic accuracy than that of clinical guidelines; sensitivity is reported to be as low as 43% (Shim 2006) .
Positron emission tomography imaging in vascular dementia shows hypometabolism of cortical and subcortical brain areas. One PET study of patients with Alzheimer's disease and vascular dementia found deficits in metabolism in thalamus, caudate and frontal lobe which were strongly associated with vascular dementia (Pascual 2010) .
Dementia with lewy bodies
Dementia with Lewy bodies shares clinical symptoms with Alzheimer's and Parkinson's diseases (Box 3). It can be distinguished from Parkinson's disease in that the cognitive symptoms and Parkinsonian symptoms are relative and appear within 1 year of each other. Parkinson's disease can be diagnosed if cognitive symptoms appear more than 1 year after the onset of motor symptoms. Dementia with Lewy bodies has pathological changes which can separate it from Alzheimer's disease: the presence of Lewy bodies (which are neuronal inclusion bodies composed of alpha-synuclein and ubiquitin protein) and Lewy neurites. The International Consensus Criteria for the clinical diagnosis of probable dementia with Lewy bodies are shown in Box 4 (McKeith 1996) ; the criteria have low sensitivity and high specificity (Watson 2009 ).
Computed tomography
Computed tomography has been less useful in differentiating Alzheimer's disease from dementia 
Functional neuroimaging
Single-photon emission computed tomography has been considered to be the gold standard scan in the diagnosis of dementia with Lewy bodies, showing reduced dopamine transporter activity in the basal ganglia. [123] I-FP-CIT SPECT (DaTSCAN; Fig. 3 ) uses a ligand that binds to the dopamine transporter molecule; this can highlight areas of nigrostriatal degeneration that lead to dementia with Lewy bodies. Studies assessing this show specificity of up to 90% and sensitivity of 75% (Walker 2009) , suggesting that DaTSCAN is more accurate than clinical diagnosis alone. Positron emission tomography reveals hypometabolism in the occipital cortices (Walker 2009 ). Pittsburgh Compound-B PET shows amyloid deposition in dementia with Lewy bodies similar to that in Alzheimer's disease, but deposition is less in Parkinson's disease dementia than in dementia with Lewy bodies. This suggests that, although amyloid deposition is part of the pathology of the disease, it may have little effect on the clinical manifestation (Brooks 2009 ).
Comparisons of [123] I-FP-CIT SPECT with (18) F-FDG PET showed that the former had a greater diagnostic accuracy and effect size, but that both were useful in the assessment of suspected dementia with Lewy bodies (Lim 2009 ).
frontotemporal dementia
The case vignette in Box 5 describes a typical presentation of the symptoms of frontotemporal dementia. The NICE guidance (2006) suggests using the Lund-Manchester criteria to diagnosis
Box 3 Case vignette 1
Mrs Y, aged 78, was referred to a memory clinic with a 7-month history of deteriorating memory. She lived alone and her family had become concerned as she appeared less able to care for herself. She was more forgetful: misplacing things, forgetting appointments and meals. She had started to leave sweets around the house, and when asked about this she said that children often visited her during the day. She also spoke about seeing children playing in her garden. On further questioning, it emerged that Mrs Y had no grandchildren and her family thought it unlikely that any children visited her. Her confusion appeared to fluctuate, and some days it was better than others. Her sleep pattern had become quite disturbed and she frequently complained of nightmares. The family were concerned that she was having falls and appeared to be slow in her movements, having been a very sprightly woman before. There was no family history of dementia and no medical history.
Physical examination revealed bilateral cogwheel rigidity and bradykinesia. Her gait was unsteady. Mini-Mental State Examination (Folstein 1975 ) was 21/30 (losing 6 points on orientation and 3 points on recall). Addenbrooke's Cognitive Examination (Mathuranath 2000) score was 69/100 (she lost 6 points on orientation and concentration, 15 points on memory, 5 points on language and 5 points on visuospatial skills). She was referred for a DaTSCAN, which revealed low dopamine transporter uptake in the brain's basal ganglia. • repeated falls
• syncope
• transient loss of consciousness
• neuroleptic sensitivity
• systematised delusions
• hallucinations in other modalities. IV A diagnosis of dementia with Lewy bodies is less likely in the presence of:
• stroke disease, evident as focal neurological signs or on brain imaging
• evidence on physical examination and investigation of any physical illness, or other brain disorder, sufficient to account for the clinical picture. of this type of dementia. Box 6 shows these incorporated into the consensus diagnostic criteria for the disease (Neary 1998 (Hodges 2001 ). In the last form, atrophy of the left temporal lobe is more pronounced than in the other subtypes (David 2009 ). Functional neuroimaging has great diagnostic sensitivity and may prove beneficial even when the structural scan shows very little. Both SPECT and PET reveal hypometabolism and hypoperfusion of the frontal and temporal lobes. In contrast, in Alzheimer's disease there tends to be hypometabolism of the parietal lobes early on in dementia progression.
other dementias
Huntington's disease
Huntington's disease is a hereditary condition associated with chorea, neuropsychiatric features and dementia of insidious onset. Computed tomography and MRI often show atrophy of the heads of the caudate nuclei. This is associated with a loss of the normal convex bulging into the lateral walls of the frontal horns (David 2009 ). Caudate atrophy is highly specific to Huntington's disease. Magnetic resonance imaging studies have also shown subcortical atrophy and atrophy of the thalamus and medial temporal lobes, which appears to correlate with the degree of cognitive impairment (David 2009 ). Single-photon emission computed tomography and PET scans show decreased blood flow and glucose metabolism in the caudate nuclei (David 2009 ).
Creutzfeldt-Jakob disease
Creutzfeldt-Jakob disease (CJD) belongs to the group of transmissible spongiform encephalopathies, which also includes Gerstmann-Sträussler-Scheinker disease and fatal familial insomnia. These prion diseases are associated with relatively rapid onset of dementia together with other neuropsychiatric symptoms such as depression, anxiety and behavioural changes, cerebellar ataxia and myoclonus. Variant CJD is a distinct
Box 6 Consensus clinical diagnostic criteria for frontotemporal dementia
Core diagnostic features (all must be present)
• Insidious onset and gradual progression
• Early decline in social interpersonal conduct
• Early impairment in regulation of personal conduct
• Early emotional blunting 
Box 5 Case vignette 2
Mr X, a 70-year-old retired accountant's clerk, was referred to the memory clinic with low mood and a 12-month history of a gradual decline in his poor short-term memory. He had been misplacing things and repeating his conversations. He had become more socially withdrawn over the preceding 6 months; his wife reported that he had lost interest in her and his friends and preferred to watch television all day. He had developed a strict routine of eating his meals at set times every day and insisting on the same food. If this routine was disrupted, he would become very irritable and would lose his temper. He had become coarser in his personality and was frequently rude to his guests. There was no family history of dementia. His medical history included hypertension and type 2 diabetes.
Physical examination was unremarkable and neurological examination was normal. MiniMental State Examination (Folstein 1975 ) score was 27/30 (losing 2 points on repetition and 1 on three-stage command). Addenbrookes Cognitive Examination (Mathuranath 2000) score was 74/100 (losing 5 points on memory, 10 points on verbal fluency, 8 on language and 3 on visuospatial skills). He was able to generate 7 animals in 1 min and 4 words beginning with 'P'. There was some evidence of perseveration on examination and he performed poorly on proverb interpretation, cognitive estimates, Luria motor sequencing and Go-No-go testing. Magnetic resonance imaging revealed bilateral frontal lobe atrophy.
disease from sporadic CJD and is associated with characteristic signs on MRI, which have been incorporated into the World Health Organization's (2006) diagnostic criteria. Magnetic resonance imaging shows the distinctive pulvinar sign and hockey stick sign. The pulvinar sign is bilateral pulvinar hyperintensity, relative to the anterior putamen, on fluid attenuated inversion recovery (FLAIR) MRI (Collie 2003) . The hockey stick sign is hyperintensity in the dorsomedial thalamic nuclei and periaqueductal grey matter (Collie 2003) . Both SPECT and PET show regional brain hypometabolism and hypoperfusion, but these are fairly non-specific.
Progressive supranuclear palsy
Progressive supranuclear palsy is associated with frontotemporal dementia. Magnetic resonance image changes may include atrophy of the midbrain and brainstem, and third ventricle dilation, but these findings are not specific to progressive supra nuclear palsy (Mishina 2004) . Positron emission tomography studies in patients with frontotemporal dementia show a global hypometabolism, but this is more pronounced in the frontal lobes, caudate, putamen and thalamus (Mishina 2004 ).
Mild cognitive impairment
Patients with mild cognitive impairment are at risk of developing dementia. It has been considered to be a prodromal stage in the development of Alzheimer's disease: between 10 and 15% of patients with amnestic mild cognitive impairment with no vascular risk factors develop Alzheimer's disease each year (Ganguli 2004) . Structural imaging of patients with clinical mild cognitive impairment has shown a reduction in the volumes of the entorhinal cortices and hippocampi, more than in the cognitively intact elderly, but less than that seen in Alzheimer's disease (O'Brien 2007). Serial MRI scanning of patients with mild cognitive impairment showed grey matter loss in the amygdala, entorhinal cortices and anterior hippocampus (O'Brien 2007). As cognition deteriorates and the clinical picture begins to resemble Alzheimer's disease, this grey matter loss extends to incorporate the entire hippocampi and temporal and parietal lobes (Whitwell 2007) . In studies of mild cognitive impairment, SPECT and PET reveal changes similar to those seen in Alzheimer's disease: hypoperfusion and hypometabolism of the temporal and parietal lobes (Whitwell 2007) . Patients with mild cognitive impairment who subsequently developed Alzheimer's disease had more significant reductions in cerebral blood flow to the medial temporal lobes than those patients who did not develop the disease (Whitwell 2007) .
Several studies have assessed the utility of neuroimaging in the prediction of conversion from mild cognitive impairment to Alzheimer's disease. These found that a smaller volume of the entorhinal cortices and hippocampi both independently predicted conversion to Alzheimer's disease (Devanand 2007) . However, there was little additional benefit from this than for measuring cognitive variables and predicting based on age.
Special groups
Intellectual disability
The prevalence of dementia in people with intellectual disability is higher than in the general population. Down syndrome in particular is associated with Alzheimer's disease: about 54.5% of 60-to 69-year-olds with the syndrome have a diagnosis of dementia (Stanton 2004) . Intellectual disability not due to Down syndrome is also associated with a higher prevalence of dementia: about 13% of over-50-year-olds and 22% of over-65-year-olds in this group have a form of dementia (Moss 1993) . The diagnosis of dementia in people with intellectual disability can be more complex because of difficulties in detecting cognitive decline and because changes in behaviour are often attributed to the intellectual disability. Consequently, patients often present to dementia services late in the progression of the disease (Stanton 2004) .
The use of neuroimaging in dementia in patients with intellectual disability has not been studied to a great extent. Most of the research has focused on Down syndrome and has involved small numbers of patients. Structural imaging (CT and MRI) has shown atrophy of the medial temporal lobes, in keeping with the changes expected in Alzheimer's disease (Stanton 2004) . However, it must be borne in mind that people with Down syndrome and other forms of intellectual disability are likely to have abnormal scans anyway, and so scans may be misinterpreted (Strydom 2002) . Consequently, neuro imaging may be used as a supportive tool in examining these patients for dementia, but diagnosis remains a task for experienced clinicians.
Early-onset dementia
A 2007 report for the Alzheimer's Society (King's College London 2007) revealed that early-onset dementia (diagnosed before the age of 65) accounted for 2.2% of cases of dementia in the country. Alzheimer's disease was the most common subtype of dementia in patients of any age. Late-onset dementia was slightly more common in women; among patients aged 50-65, early-onset dementia was more common in men, with frontotemporal dementia accounting for a substantial proportion of cases. In Black and minority ethnic groups, 6.1% cases of dementia were of early onset, compared with the national average of 2.2%.
Research into neuroimaging findings in earlyonset dementia is sparse, and there are very few studies that make comparisons between earlyonset and late-onset findings. One study that compared MRI findings, in addition to neuropsychology battery results, in patients with earlyonset and late-onset Alzheimer's disease found that in early-onset disease cortical atrophy was more common in occipital and parietal lobes, whereas in late-onset disease hippo campal atrophy was more common (Frisoni 2007) . Comparison of TC-99m HMPAO SPECT scans of patients with early-and late-onset Alzheimer's disease showed that earlyonset disease was associated with hypoperfusion predominantly in the posterior cortical association area, whereas late-onset disease was associated with medial temporal lobe hypoperfusion (Kemp 2003) . Although the numbers of patients in both of these studies were small, there do appear to be differences in neuroimaging findings between early-onset and late-onset dementia cases, and further research may be beneficial.
Depressive pseudodementia
Depressive pseudodementia is a reversible cause of cognitive impairment caused by depression. As depression is frequently comorbid with dementia, it can be difficult to distinguish between pseudodementia and a primary diagnosis of dementia. Magnetic resonance imaging findings in patients with either depression or dementia both show hippocampal atrophy, but there is a good correlation between the length of history of cognitive impairment and extent of atrophy of the entorhinal cortices (O'Brien 2000) . For patients with cognitive dysfunction of unclear aetiology, the degree of temporal lobe atrophy on MRI could allow differentiation between dementia and depression: the former would show a greater degree of atrophy (O'Brien 2000) .
A small study that evaluated SPECT findings in four samples -individuals with Alzheimer's disease, those with depression without cognitive impairment, those with depressive pseudodementia and healthy controls -found that the depressive pseudodementia group showed hypoperfusion of the temporoparietal region, similar to the findings in the Alzheimer's disease group, but different from findings in the depression group (Cho 2002) .
Discussion
The question as to whether to use neuroimaging in the investigation and diagnosis of dementia is complicated. Largely, the diagnosis of dementia is a clinical one and the diagnostic criteria for the various subcategories of dementia place neuroimaging in a supportive role (Roman 1993; Neary 1998; Varma 1999; Watson 2009 ).
Alzheimer's disease
In the UK, Alzheimer's disease is the most common form of dementia, accounting for up to 60% of cases (Blennow 2006) . Therefore, the utility of imaging in these cases is paramount. For Alzheimer's disease, the findings in CT and MRI are often seen in other conditions and are not necessarily specific to Alzheimer's disease. The characteristic signs on CT and MRI in Alzheimer's disease are frequently absent in clinical practice and can be seen in the elderly people without cognitive impairment. Therefore, at present, we would not suggest routinely screening patients with a clinical diagnosis of Alzheimer's disease using CT and MRI. Although PET and SPECT in Alzheimer's disease can be more sensitive and specific, the additional costs, invasiveness, radiation exposure, potential for allergic reactions and relatively poor tolerability of some of these procedures in the elderly limit their usefulness. Some centres require a CT scan to be performed before a SPECT or PET in order to increase sensitivity and rule out other causes for memory loss such as tumour. We would recommend the use of SPECT and PET only if there is clear diagnostic uncertainty.
Vascular dementia
For vascular dementia there is a clearer position for structural imaging; the NINDS-AIREN diagnostic criteria (Roman 1993) include the presence of vascular insults, including infarcts, basal ganglia and white matter lacunes or extensive periventricular white matter lesions (up to 25% of the white matter should be affected). Absence of these features, according to these criteria, excludes the diagnosis. Clearly, to detect the presence or absence of these lesions, there needs to be some form of imaging performed. Computed tomography can effectively detect large vessel infarction or ischaemia, but MRI is more sensitive in detecting extensive white matter lesions. Diagnosis of vascular dementia is often made on clinical grounds, but where there is uncertainty, CT or MRI should be used according to local resources and patient tolerability and contraindications; SPECT and PET should be used only if the diagnosis is in doubt and CT or MRI has been inconclusive.
Other types of dementia
For less common types of dementia, imaging may be indicated. For dementia with Lewy bodies, CT and MRI are less useful in differentiating it from other subtypes of dementia, particularly from Alz heimer's disease. The gold standard form of imaging in these patients is a SPECT scan with a radio ligand that binds to the dopamine transporter molecule (DaTSCAN) and demonstrates nigrostriatal degeneration. As SPECT has been shown to have greater diag nostic accuracy than PET in dementia with Lewy bodies, we would recommend SPECT as an adjunct to clinical diagnosis in patients suspected of having this type of dementia.
Functional neuroimaging also plays a more important role in the diagnosis of frontotemporal dementia. Computed tomography and MRI findings are difficult to distinguish from changes seen in Alzheimer's disease, whereas PET shows hypometabolism and hypoperfusion of the frontal and temporal lobes more specifically. The diagnosis is principally based on symptoms and signs, and imaging should be reserved for cases where the diagnosis is in doubt.
Huntington's disease and CJD both have character istic imaging findings: caudate atrophy and pulvinar sign/hockey stick sign respectively. These findings are more likely to be present on MRI and in suspected cases imaging can be used to support the diagnosis, which is in the most part dependent on genetic testing for Huntington's disease and biopsy for CJD. Single-photon emission computed tomography and PET will add little to the investigation and diagnosis of these conditions.
Recommendations
Owing to wide variation in clinical practice across the UK, we contacted NICE to clarify the recommendations in the dementia guidelines (National Institute for Health and Clinical Excellence 2006) to determine whether all patients with suspected dementia should undergo neuroimaging. This was their response: 'Scanning should be done when the diagnosis is unsure, or when the clinician needs to establish a subtype or where there is uncertainty about other cerebral pathology. If the clinician has patients in which the diagnosis on clinical grounds is absolutely obvious, a scan will not be necessary ' (K. Jackson, 2010, personal communication) .
The answer to the question 'To scan or not to scan?' in suspected dementia and mild cognitive impairment is that routine scanning is not indicated in all patients and healthcare professionals should use their clinical judgement. The diagnosis of dementia should be made by experienced specialist clinicians, based primarily on history and mental state examination. In keeping with NICE guidance and also in our opinion, the use of diagnostic criteria can help discriminate between the subtypes of dementia. Routine imaging such as CT and MRI should not be used. Imaging should be reserved for cases where there is uncertainty about the diagnosis. Usually, PET and SPECT are relatively less well tolerated than CT among elderly people, so they should be reserved for complex cases, patients with suspected dementia with Lewy bodies and in cases where further diagnostic clarity is required.
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